Two Gram-stain-negative, catalase-and oxidase-positive, strictly aerobic, non-motile, moderately halophilic bacteria (strains X15M-6
Two Gram-stain-negative, catalase-and oxidase-positive, strictly aerobic, non-motile, moderately halophilic bacteria (strains X15M-6 T and X15M-8 T ) were isolated from Lake Xiaochaidan, a salt lake in Qaidam basin, Qinghai Province, China. Cells of X15M-6 T were rod-like or coccoid, 0.5-0.9 mm wide and 0.9-1.5 mm long; cells of X15M-8 T were rods, 0.3-0.6 mm wide and 1.2-2.2 mm long. Growth was observed in the presence of 0.5-14.0 % (w/v) NaCl (optimum, 3.0 %) and at pH 6.5-10.0 (optimum, pH 7.0-7.5) for both. X15M-6
T and X15M-8 T grew at 10-35 8C (optimum, 20-25 8C) and 4-35 8C (optimum, 25 8C),
respectively. Both contained iso-C 15 : 0 , anteiso-C 15 : 0 and iso-C 17 : 0 3-OH as the major fatty acids, phosphatidylethanolamine and an unknown lipid as the major polar lipids, and menaquinone MK-6 as the major respiratory quinone. The DNA G+C contents were 32.8 and 35.0 mol% for X15M-6 T and X15M-8 T , respectively. Phylogenetic trees based on 16S rRNA gene sequences showed that both strains belonged to the genus Psychroflexus and formed a separate lineage. In addition, strains X15M-6 T and X15M-8 T shared 96.8 % 16S rRNA gene sequence similarity and showed highest similarities to members of the genus Psychroflexus (92.7-93.5 and 91.8-93.1 %, respectively). Based on the above data, it is concluded that strains X15M-6 T and X15M-8 T represent two novel species of the genus Psychroflexus, for which the names Psychroflexus salis sp. Belonging to the family Flavobacteriaceae within the phylum Bacteroidetes, the genus Psychroflexus was proposed by Bowman et al. (1998) with the description of a novel species, Psychroflexus torquis, as the type species from Antarctic sea ice and the reclassification of Flavobacterium gondwanense (Dobson et al., 1993) as Psychroflexus gondwanensis (Bowman et al., 1998 ) from a hypersaline Antarctic lake. Six additional species, Psychroflexus tropicus (Donachie et al., 2004) , P. sediminis (Chen et al., 2009) , P. salinarum (Yoon et al., 2009) , 'P. lacisalsi' (Zhang et al., 2010) , P. halocasei (Seiler et al., 2012) and P. salarius (Chun et al., 2014) , have been isolated from saline environments, such as salt lake, solar saltern, salt pan and salted surface of a cheese. Members of this genus have been characterized as Gram-stain-negative, catalasepositive, strictly aerobic, slightly or moderately halophilic, containing menaquinone MK-6 as the major respiratory quinone and having genomic DNA G+C contents of 32-38.5 mol%. During a survey of the bacterial diversity of a salt lake (Lake Xiaochaidan, Qaidam basin, Qinghai Province, China), two Psychroflexus-like strains, designated X15M-6 T and X15M-8 T were isolated by the standard dilution plating technique on marine agar 2216 (MA; Difco) plates at 30 8C. Both strains could also grow well in marine broth 2216 (MB; Difco), but not in trypticase soy broth (TSB; Bacto) or Luria-Bertani (LB) broth, despite supplementation with 3.0 % (w/v) NaCl. The strains were preserved in MB supplemented with 20 % (v/v) glycerol at 280 8C. All the experiments were performed in parallel on P. sediminis CGMCC 1.15150 T and P. salinarum CGMCC 1.15156 T , except for the morphological studies, growth tests and DNA G+C content analyses. Cells for all analyses were obtained after cultivation on MA or in MB at 25 8C for 3 days unless otherwise stated.
Cell morphology was observed by optical microscopy (BH-2; Olympus) and transmission electron microscopy (H-600; Hitachi) after negative staining with 1 % (w/v) phosphotungstic acid. The Gram reaction was performed according to Dong & Cai (2001) . Growth at 0, 4, 10, 15, 20, 25, 30, 35, 40 and 45 8C was measured in MB. Growth at pH 6.0-11.0 (at intervals of 0.5 pH units) was determined in MB at 25 8C using three different buffers (final concentration, 50 mM): sodium phosphate buffer (for pH 6.0-8.0), Tris/HCl buffer (pH 8.0-10.0) and sodium carbonate buffer (pH 10.0-11.0). Tolerance to NaCl was examined in modified MB with final NaCl concentrations of 0-15.0 % (w/v, at intervals of 0.5 %) at 25 8C, as described previously (Zhong et al., 2014) .
The requirement for oxygen was tested in an anaerobic system (Oxoid AnaeroGen System). Production of hydrogen sulfide was assessed with lead acetate paper. Catalase and oxidase activities, and hydrolysis of L-tyrosine, casein, starch and Tweens 20, 40, 60 and 80 were determined according to Dong & Cai (2001) . Utilization of carbon substrates (0.5 %, w/v) was tested according to Dong & Cai (2001) with artificial seawater instead of distilled water, and 0.01 % (w/v) yeast extract added as a supplement. The artificial seawater contained (per litre distilled water): 24.0 g NaCl, 5.1 g MgCl 2 , 4 g Na 2 SO 4 , 1.1 g CaCl 2 , 0.7 g KCl, 0.2 g NaHCO 3 , 0.1 g KBr, 0.027 g H 3 BO 3 , 0.024 g SrCl 2 and 0.003 g NaF. Susceptibility to antibiotics was determined by the disc diffusion method using filter-paper discs (Beijing Pharmaceutical Company) which contain various antibiotics as specified below. Growth inhibition effects were observed and estimated according to Nokhal & Schlegel (1983) after incubation on MA (pH 7.5) for 3 days at 25 8C. The inhibition zones were measured from the edges of susceptibility discs to the edges of the clear zones; ,2 mm, 2-5 mm and .5 mm of the inhibition zones represent resistance, weak resistance and susceptibility, respectively (Nokhal & Schlegel, 1983) . Additionally, the API ZYM system (bioMérieux) was used for tests of enzyme activities according to the manufacturer's instructions. The presence of flexirubin-type pigments was investigated using 20 % (w/v) KOH solution (Reichenbach, 1992) . The pigments of strains X15M-6
T and X15M-8 T and the two reference strains of the genus Psychroflexus were extracted and analysed according to the method of Biebl et al. (2007) using a UV/visible spectrophotometer (model UV7200; UNICO).
After cultivation on MA (pH 7.5) at 25 8C for 4 days, colonies of strains X15M-6
T and X15M-8 T were 1.0-2.5 and 0.5-2.0 mm in diameter, respectively; colonies of both strains were smooth, orange-red and glistening. Cells of both strains were Gram-stain-negative, non-spore-forming and non-motile (Fig. S1 , available in the online Supplementary Material). Cells of strain X15M-6 T were rodlike or coccoid, 0.5-0.9 mm wide and 0.9-1.5 mm long. Cells of strain X15M-8 T were rods, 0.3-0.6 mm wide and 1.2-2.2 mm long. Strains X15M-6
T and X15M-8 T were strictly heterotrophic, aerobic, and catalase-and oxidasepositive. Strain X15M-6
T could grow at 10-35 8C (optimum, 20-25 8C), but not at 4 or 40 8C. Strain X15M-8 T could grow at 4-35 8C (optimum, 25 8C), but not at 0 or 40 8C. Both strains were able to grow in the presence of 0.5-14.0 % (w/v) NaCl (optimum, 3.0 %) and at pH 6.5-10.0 (optimum, pH 7.0-7.5), but not at pH 6.0 or pH 10.5, nor in the absence of NaCl or in the presence of 14.5 % (w/v) NaCl. Both strains produced H 2 S, but not flexirubin-type pigments; both hydrolysed starch, aesculin, gelatin and Tween 20, but not L-tyrosine, casein or Tweens 40, 60 and 80. Carotenoid pigments were produced by X15M-6 T with absorption peaks at 450, 476 and 505 nm, and by X15M-8 T with absorption peaks at 441 and 517 nm. Both strains were resistant to (mg per disc): streptomycin (10) and gentamicin (10); they were susceptible to erythromycin (15), chloramphenicol (30), tetracycline (30), ampicillin (10), clarithromycin (15), kanamycin (30), clindamycin (2) and vancomycin (30). Strain X15M-6 T was susceptible to norfloxacin (10) and weakly resistant to sulfamethoxazole (300); strain X15M-8 T was weakly resistant to norfloxacin (10) and susceptible to sulfamethoxazole (300). Almost all the results obtained in this study for the reference type strains were consistent with those originally described (Chen et al., 2009; Yoon et al., 2009) , except for esterase lipase (C8) and a-glucosidase activity for P. sediminis CGMCC 1.15150
T and activity of a-glucosidase for P. salinarum CGMCC 1.15156 T , suggesting that these properties may be variable in these strains. Additional characteristics of strains X15M-6
T and X15M-8 T are given in Table 1 and the species descriptions.
Late exponential growth phase biomass was used for chemotaxonomic analysis, after cultivation on MA or in MB at 25 8C for 3 days. Genomic DNA was extracted by using a bacterial genomic kit (D3350-1; Omega Bio-Tek). The DNA base composition was determined by the thermal denaturation method (Marmur & Doty, 1962) , with genomic DNA from Escherichia coli K-12 as a reference. Isoprenoid quinones were extracted and analysed as described by Komagata & Suzuki (1987) . Cellular fatty acids were analysed using the standard MIDI Sherlock Microbial Identification System (version 6.0), and peaks were identified on an Agilent 6890N Network GC system using the TSBA6 peak-naming table. Polar lipids of strains X15M-6 T and X15M-8
T were extracted using a chloroform/methanol system and identified using two-dimensional TLC as described by Kates (1986) . Merck silica gel 60 F 254 aluminium-backed thin-layer plates were used for TLC analysis.
The DNA G+C contents of strains X15M-6
T and X15M-8 T were 32.8 and 35.0 mol% (T m ), respectively, which fell within the range reported for the genus Psychroflexus (32-38.5 mol%). The major respiratory quinone of both strains was MK-6, consistent with that of the genus Psychroflexus and other genera of the family Flavobacteriaceae . Data for taxa 1-4 were from this study, except for morphological properties, growth tests and DNA G+C contents for taxa 3 and 4. Other data were taken from the original descriptions (Bowman et al., 1998; Seiler et al., 2012; Chun et al., 2014) . All were strictly aerobic, Gram-stain-negative and oxidase-and catalase-positive; positive for production of carotenoid pigments and activity of alkaline phosphatase; negative for nitrate reduction, hydrolysis of urea, and activities of lipase (C14), a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-mannosidase and a-fucosidase. +, Positive; 2, negative; NR, not reported. Table 2 . The cellular fatty acid profiles obtained in this study for the reference type strains were similar to those previously reported (Yoon et al., 2009; Seiler et al., 2012) in terms of major fatty acids. The fatty acid profiles of strains X15M-6
Characteristic
T and X15M-8 T were quite similar with both strains containing iso-C 15 : 0 (17.2 and 11.9 %, respectively), anteiso-C 15 : 0 (21.4 and 17.3 %) and iso-C 17 : 0 3-OH (10.4 and 11.2 %) as the major fatty acids. Nevertheless, strain X15M-6 T could still be distinguished from strain X15M-8
T by having less C 18 : 0 10-methyl TBSA, C 17 : 1 v6c and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) ( Table 2) , and based on the presence or absence of some minor fatty acids (data not shown). Both strains X15M-6
T and X15M-8 T could clearly be differentiated from P. sediminis CGMCC 1.15150 T , P. salinarum CGMCC 1.15156 T , P. salarius MIC1008 T and P. halocasei WCC 4520 T by possessing a greater amount of iso-C 16 : 1 H, C 18 : 0 10-methyl TBSA, C 15 : 1 v6c and summed feature 9 (iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl) ( Table 2 ). In addition, iso-C 17 : 0 3-OH was a major fatty acid for strains X15M-6 T and X15M-8 . The presence of a greater amount of iso-C 14 : 0 , C 15 : 0 3-OH and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), and a much lower amount of iso-C 15 : 1 G for strains X15M-6 T and X15M-8 T also differentiated them from P. salarius MIC1008 T and P. halocasei WCC 4520 T ( Table 2 ).
The polar lipid profiles of strains X15M-6 T and X15M-8 T were extremely similar (Fig. S2 ). Both strains exhibited complex polar lipid profiles consisting of phosphatidylethanolamine and an uncharacterized lipid (L1) as the major polar lipids, and three unknown aminolipids (AL1-AL3) and five unidentified lipids (L2-L6) as the minor polar lipids (Fig. S2) . The presence of phosphatidylethanolamine and unknown lipid L1 as the major polar lipids for strains X15M-6 T and X15M-8 T was in accordance with profiles for P. salarius, P. halocasei and P. gondwanensis (Seiler et al., 2012; Chun et al., 2014) . This clearly suggested strains X15M-6
T and X15M-8 T to be members of the genus Psychroflexus. However, strains X15M-6
T and X15M-8 T could be distinguished from P. salarius and P. halocasei by the absence of an unknown aminolipid and an unidentified lipid as major components, and from P. gondwanensis by the absence of an unidentified lipid as a major component (Seiler et al., 2012; Chun et al., 2014) .
The 16S rRNA genes were amplified with primers 27F and 1492R (Weisburg et al., 1991) , cloned into the pEASY-T1 cloning vector (TransGen Biotech) and sequenced by Sinogenomax with primers M13F (59-CAGGAAACAGCTA TGAC-39) and M13R (59-GTAAAACGACGGCCAGT-39). The almost-complete 16S rRNA gene sequences of strains X15M-6 T (1446 nt) and X15M-8 T (1448 nt) were obtained and compared with available sequences in the GenBank database using the BLAST program (Altschul et al., 1990) at NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and also on the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/) by using identity analysis (Kim et al., 2012) . The 16S rRNA gene sequences of strains X15M-6 T , X15M-8 T and related taxa were aligned with CLUSTAL X version 2.0 (Larkin et al., 2007) . Neighbour-joining (Saitou & Nei, 1987) , maximumparsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) trees were reconstructed using MEGA version 5 (Tamura et al., 2011) . Evolutionary distances were calculated by Kimura's two-parameter model (Kimura, 1983) and the gaps/missing data treatment option chosen was pairwise-deletion.
Strains X15M-6
T and X15M-8 T exhibited highest 16S rRNA gene sequence similarities (92.7-93.5 and 91.8-93.1 %, respectively) to members of the genus Psychroflexus, and showed less than 92.3 and 91.8 % sequence similarity to species of other genera, respectively. Strains X15M-6 T and X15M-8 T shared 96.8 % 16S rRNA gene sequence similarity. The neighbour-joining phylogenetic tree (Fig. 1) based on 16S rRNA gene sequences shown that strains X15M-6 T and X15M-8 T belonged to the genus Psychroflexus and formed a separate lineage. The topologies of the maximum-parsimony and maximum-likelihood trees were identical to that of the neighbour-joining tree. Phylogenetic analyses based on 16S rRNA gene sequences clearly indicated that strains X15M-6
T and X15M-8 T are members of the genus Psychroflexus.
In addition to the phylogenetic data, strains X15M-6
T and X15M-8 T also showed some important properties that were in agreement with those reported for members of the genus Psychroflexus, such as being Gram-stain-negative, strictly aerobic, catalase-positive, moderately halophilic, containing phosphatidylethanolamine and an unknown lipid as the major polar lipids, and some enzyme activities detected with the API ZYM system. Nevertheless, strains X15M-6 T and X15M-8 T could be differentiated from the type strains of recognized species of the genus Psychroflexus by the range of NaCl concentration, pH and temperature for growth, D-glucose fermentation, hydrolysis of some substrates, activities of some enzymes and DNA G+C content (Table 1 ). In addition, strain X15M-6 T could be differentiated from strain X15M-8 T based on growth temperature range, cell size, activity of b-glucosidase, resistance to norfloxacin and sulfamethoxazole, assimilation of arbutin and DNA G+C content.
Combining the above phenotypic, chemotaxonomic and genotypic results, it is concluded that strains X15M-6
T and X15M-8 T represent two novel species of the genus Psychroflexus, for which the names Psychroflexus salis sp. nov. and Psychroflexus planctonicus sp. nov. are proposed, respectively.
Psychroflexus torquis ATCC 700755 T (CH959305)

Psychroflexus gondwanensis ACAM 44 T (M92278)
Psychroflexus sediminis YIM-C238 T (EU135715)
Psychroflexus tropicus LA1 T (AF513434) 'Psychroflexus lacisalsi' H7 (AB381940)
Psychroflexus salinarum ISL-14 T (EU874390)
Psychroflexus salarius MIC1008 T (JQ390292)
Psychroflexus halocasei WCC 4520 T (FR714910)
Psychroflexus salis X15M-6 T (KJ782428)
Psychroflexus planctonicus X15M-8 T (KJ782429)
Zunongwangia profunda SM-A87 T (CP001650)
Zunongwangia atlantica 22II14-10F7 T (JQ844757)
Zunongwangia mangrovi P2E16 T (KC907713)
Aquimarina brevivitae shown at branch points. This topology was completely recovered in both the maximum-parsimony and the maximum-likelihood trees. Bacteroides fragilis NCTC 9343 T was used as an outgroup. Bar, evolutionary distance (K nuc ) of 0.01.
